Blue whales (Balaenoptera musculus) were widely distributed in the North Pacific prior to whaling. Shore-based and pelagic whaling vessels around the Pacific Rim took large numbers from northern Japan to northern Mexico from 1924 to 1965 (see fig. 1 in Rankin et al. 2006) . Many authors have noted the apparent lack of recovery of blue whales in areas of the North Pacific, where they were previously common (Leatherwood et al. 1982 , Rice and Wolman 1982 , Stewart et al. 1987 , Forney and Brownell 1996 . Despite concentrations of blue whale catches off British Columbia, off southeast Alaska, in the Gulf of Alaska, and south of the eastern Aleutian Islands, there had been few documented sightings in those areas since the 1970s and an absence of sightings in surveys covering the exact areas where the blue whales had been taken in large numbers. In contrast to this, large concentrations of blue whales have been documented off California and Baja California and in the eastern tropical Pacific since the 1970s (Wade and Friedrichsen 1979 , Calambokidis et al. 1990 , Reilly and Thayer 1990 , Barlow 1994 , Calambokidis and Barlow 2004 . Rice (1974) originally suggested that blue whales in the eastern North Pacific migrated between Baja California, California, the Gulf of Alaska, and the eastern Aleutian Islands; however, he subsequently concluded that blue whales in California and the Gulf of Alaska belonged to separate populations (Rice 1992) . Stafford et al. (2001) noted that North Pacific blue whales can be divided into putative eastern and western populations based on differences in acoustic call types, but found geographic overlap in these call types in the central North Pacific. Stafford (2003) found both call types in the Gulf of Alaska.
Here, we document 15 blue whale sightings off British Columbia and in the Gulf of Alaska that have been made since 1997, and use identification photographs to show that whales in these areas are currently part of what has been recognized as the California feeding population. We speculate that this represents the reestablishment of a traditional migration pattern for an eastern North Pacific blue whale population. Both ships carried two rigid-hull inflatable boats, which were deployed for photo-identification and biopsy sampling of individual whales. These surveys included waters west of Cape Scott and off south Moresby Island, the principal areas blue whales were taken during commercial whaling off British Columbia in the 3 mid 1900s (Pike and MacAskie 1969, Gregr and Trites 2001) . Blue whales were sighted in 4 of the 5 yr these surveys were conducted with identification photographs obtained of all 10 individuals encountered (Table 1) .
In summer and fall of 2004, the Southwest Fisheries Science Center (SWFSC) conducted a cetacean survey along the Pacific Rim from southern British Columbia to the western Aleutian Islands. The primary focus of this survey was to obtain identification photographs and biopsies from humpback whales as part of the SPLASH (Structure of Populations, Levels of Abundance, and Status of Humpbacks) research program. The survey was designed to cover the regions of current and historic humpback whale concentrations. Transect lines were generally within 50-100 km of the coast in most regions but extended to approximately 500-km offshore between Prince William Sound, Alaska, and Umnak Island in the eastern Aleutians. There were sightings of six blue whales during the 2004 surveys in Alaska with good identification photographs taken of five of these animals (Table 1) .
Identification photographs obtained from Alaska and British Columbia were compared to the catalog of 1,955 individual whales identified primarily from 1986 to 2006 off the U.S. west coast and extending south to the eastern tropical Pacific (Calambokidis et al. 1990, Calambokidis and Barlow 2004) . Identification photographs consisted of left and/or right sides of blue whales showing the pigmentation patterns on the sides of the animal in images that include the dorsal fin. Photographic matching was conducted by eye using photographic prints of whales and was stratified into seven categories for blue whale identifications based on color patterns and dorsal fin condition.
RESULTS
Blue whales were seen in 4 of the 5 years survey were conducted off British Columbia (2003, 2005, 2006, and 2007) . Only one or two blue whales were seen in the first three surveys, but, in 2007, five blue whales were seen on 1 d and three the following day (Table 1) . This included one sighting of a mother and calf. All of the sightings except in 2007 were made off the southwestern side of the Queen Charlotte Islands within 10 nmi (18.5 km) of shore ( Fig. 1, 2) . The sightings in 2007 were all 30-40 nmi (56-74 km) SSW of the south tip of the Queen Charlotte Islands, an area that was only surveyed in 2007 and not in the previous August surveys.
In total, 10 blue whales were photographically identified off British Columbia including one from June 1997 (obtained opportunistically by a nature-trip operator, Randy Burke). Identification photographs revealed that the three whales seen on 12 August 2007 had all been seen the previous day when five total whales were identified. Three of the whales identified off British Columbia were animals that had also been seen off California (Fig. 3) . One of these was seen in both British Columbia and California in the same year. That individual moved from off the Queen Charlotte Islands on 12 June 1997 to the Santa Barbara Channel on 10 July 1997. This represents a minimum distance of 1,347 nmi (2,495 km) covered in a maximum time of 28 d. The minimum average swimming speed for such a transit is just over 2 km/h. This whale was sighted again a few days later on 14 July 1997 just west of the Santa Barbara Channel. This whale was also identified in other years, off southern and central California in August-September 1995 and July-September 1998. Figure 1. Locations of blue whales identified off British Columbia and in the Gulf of Alaska and their resighting locations off California. Circles show locations of animals identified that did not match California and other symbols show each of the four identified whales that had resightings with solid lines that connect resightings in the same year and dashed lines that connect sequential resightings across years. Sightings off the Aleutians (which did not match California) would be to the west of this map.
The two other blue whales identified off both British Columbia and California had been seen in those areas only in different years (Fig. 1) . One of these, identified in August 2003 off British Columbia, had been identified seven times in August to October of 1988 October of , 1993 October of , 1995 October of , and 1999 Three blue whales were photographically identified in the northern Gulf of Alaska on 14 and 15 July during the 2004 SWFSC cruises. These three sightings were all within 71 nmi (131 km) of each other and were less than 100 nmi (185 km) offshore between Yakutat and Prince William Sound (Fig. 1) . One of these three had been identified previously off California. It had been seen five times on 3 different days in July and August of 1995 and 1998, all in and near the Santa Barbara Channel off southern California. Three blue whales were also seen off the Aleutian Islands, over 2,000 km west of those discussed in this paper, during the 2004 SWFSC cruise (Table 1) . Two of these were identified photographically, but neither had been identified previously. The specifics of these sightings and the findings based on acoustics that these animals were part of the western North Pacific blue whale population are discussed in Rankin et al. (2006) .
The percentage of photo-identified blue whales in these areas that match to a 1986-2005 catalog of individuals identified off California (31% or 4 of 13 whales) indicates they are part of the same population. The proportion of whales from British Columbia and Alaska matching our catalog is biased downward slightly by the fact that five of the identifications were very recent (2007) and included a calf and a rather poor-quality photograph of the mother, all making it less likely they would match to our historical catalog. (Fig. 4) . These showed the prey layer at 100-160 m and the blue whale diving down to as deep as 200 m and then making at least two vertical excursions in the deeper or middle portion of the krill layers. These types of vertical excursions are typical of blue whale lunge feeding at depth revealed from tag data (Croll et al. 2001 , Acevedo-Gutierrez et al. 2002 ). In the two other sightings off British Columbia, blue whales appeared primarily to be traveling, and in one case (the 1997 sighting) the animal traveled southbound and was later resighted off California less than a month later. The blue whales seen in 2007 on two different days showed they were staying in the same area. All four sightings on 11 August and the resighting of three of these same animals on 12 August were all within an area that spanned less than 15 nmi (28 km). The three blue whales in the Gulf of Alaska were milling, in two cases moving only 1.5 and 1.4 nmi (2.8 and 2.6 km) in the 1.5 and 2 h monitored, respectively, as is typical of feeding blue whales. Similarly, in one of the sightings in the Aleutians, the blue whale moved 1.3 nmi (2.4 km) in 2 h.
DISCUSSION
The recent sightings and photographic matches that we report here have changed our view of blue whale population structure in the eastern North Pacific. We had previously considered the population of blue whales that feed off California to be separate from the population of whales that had historically inhabited the waters off British Columbia and in the Gulf of Alaska. Although the sample size is small, the number of matches does indicate that blue whales seen off British Columbia and at least in the eastern Gulf of Alaska are likely part of the same population that is seen off California.
We are not the first to suggest that blue whales move between feeding areas in California, British Columbia, and the Gulf of Alaska. Rice (1974) suspected blue whales occurring along the Baja coast in early spring migrated north, reaching British Columbia in May and then continuing north to the Gulf of Alaska. This was also supported by a Discovery tag recovery revealing movement of a blue whale marked off Vancouver Island to an area off Kodiak Island, 957 nmi (1,772 km) distant, a year later (Ivashin and Rovnin 1967) . These animals presumably returned to the California coast in fall prior to their migration to southern waters. In recent years, however, a number of lines of evidence convinced many whale researchers including Rice (1992) that the population of blue whales that feeds in California was separate from those seen farther north. Blue whale abundance off California appeared to be increasing (Barlow 1994 ) at a time when blue whales were rarely, if ever, seen off Alaska and British Columbia (Rice and Wolman 1982; Reeves et al. 1985; Brueggeman et al. 1987 Brueggeman et al. , 1988 Ford et al. 1994; Forney and Brownell 1996) . Blue whales were also not encountered in extensive aerial surveys off Oregon and Washington in 1989 and 1990 (Green et al. 1992 ) although they were detected acoustically in the early 1990s off Washington (McDonald et al. 1994 ). Significant differences were reported in the lengths of blue whales caught off Alaska in commercial whaling and those caught or measured from aerial photographs off California (Steiger et al. 1989, Gilpatrick and Perryman 2008) . Also, the California blue whales carry warm water epizoites (including remora, barnacles, and copepods) that are not present on baleen whales that migrate to more northern colder waters (Rice 1992) .
Our observations are consistent with recent acoustic recordings made from bottommounted hydrophones. Although blue whales in the North Pacific were originally considered part of a single management unit (Donovan 1991) , acoustic data on call types have revealed at least two distinct patterns of blue whale vocalizations associated with eastern and western parts of the North Pacific (Thompson and Friedl 1982, Stafford and Fox 1998) . The eastern call type is the only blue whale call type recorded off California, Oregon, and Washington (Stafford et al. 2001) . Stafford (2003) reports detecting both the eastern and western North Pacific call types of blue whales in the Gulf of Alaska, indicating there may also be some areas where the distribution of these two populations overlaps. If these stereotypic calls are accurate indicators of population structure, then these observations also link California blue whales to those found in the Gulf of Alaska. Stafford (2003) found the highest proportion of eastern North Pacific blue whale calls at hydrophone locations farthest east, a little over 500 km off British Columbia, while hydrophones in the western portion of the Gulf of Alaska, SW of Kodiak, had a higher proportion of western blue whale calls.
Our findings of no matches to the two blue whales from off the Aleutian Islands is consistent with these animals being part of the western North Pacific blue whale population, and this conclusion is further supported by recordings of the western call type near these animals (Rankin et al. 2006) .
Perhaps the most parsimonious explanation of these discordant lines of evidence is that blue whale migration patterns change in different oceanographic conditions. Although there are not similar surveys conducted across these time periods, there is circumstantial evidence for shifts in the relative abundance of blue whales having occurred between British Columbia/Gulf of Alaska and California. Blue whales in the eastern North Pacific were primarily killed in commercial whaling through 1966 in British Columbia and Alaska waters (Pike and McAskie 1969 , Rice 1974 , Gregr and Trites 2001 ) and relatively few were taken from whaling stations off California (Rice 1974 , Clapham et al. 1997 . Even after the end of commercial whaling for blue whales in 1965, the species continued to be sighted into the early 1970s in British Columbia and Alaskan waters in Japanese whale scouting expeditions (Wada 1980) . Since 1980, however, a lack of blue whales has been documented on some of these former whaling grounds in Alaska (Rice and Wolman 1982; Reeves et al. 1985; Brueggeman et al. 1987 Brueggeman et al. , 1988 Forney and Brownell 1996) that contrasts to the evidence for a large increase in the number of blue whales sighted during surveys off California between 1979 /1980 and 1991 (Barlow 1994 as well as other reports of increasing sightings of blue whales off California during that period (Dohl et al. 1983; Webber and Cooper 1983; Szczepaniak and Weber 1985; Smith et al. 1986; Rondeau 1987; Calambokidis et al. 1989 Calambokidis et al. , 1990 Pyle and Gilbert 1996) . A potential recent shift back to common use of northern waters by blue whales may have taken place with the sightings and matches we report here (all since the late 1990s) that coincides with an apparent decrease in the number of blue whales occurring off California. Barlow and Forney (2007) reported a dramatic decrease in estimated abundance of blue whales from line-transect surveys off California from over 1,900 in each of the surveys in 1991, 1993, and 1996 to fewer than 700 in the surveys in 2001 and 2005. Blue whales are clearly capable of long-range movements in search of prey. Satellite track and photographic-identification data have shown that they migrate in winter to productive areas of the eastern tropical Pacific to feed, including the Costa Rica Dome and areas off Baja California, Mexico ( Calambokidis et al. 1990 , Reilly and Thayer 1990 , Mate et al. 1999 . In our own photo-identification data, we have records of individuals making north/south excursions that cover the length of California multiple times in one feeding season (Cascadia Research, unpublished data) . It is likely that, whenever feeding conditions are inadequate in California, blue whales explore for and exploit resources in traditional feeding areas outside this region, including areas farther north.
One possible explanation for a shift in blue whale habitat use would be shifts in prey availability driven by changes in oceanographic conditions. A number of related indices of climatic and oceanographic conditions for the Pacific Ocean have been developed that have been shown to affect abundance of both zooplankton and apex predators including marine mammals (Benson and Trites 2002) . The impact of these oceanographic regime shifts on marine mammal populations has been complicated by changes in human impacts and interspecies interactions. For example, prey switching by killer whales as a result of whaling-induced decreases in large whale abundance through the 1960s has been cited as the cause for dramatic declines in pinniped populations in the North Pacific (Springer et al. 2003) , although this hypothesis has been challenged by a number of authors (e.g., DeMaster et al. 2006 , Wade et al. 2007 including Trites et al. (2007) who suggest an alternate hypothesis that these changes were the result of a regime shift in 1977.
Similar changes in oceanographic conditions and prey has been documented off California and along the west coast of North America associated with the Pacific Decadal Oscillation (PDO). Abundances of some euphausiid species off Southern California are correlated with the PDO (Brinton and Townsend 2003) . Changes in oceanographic conditions and prey off California have had impacts on populations of krill-feeding seabirds (Hyrenbach and Veit 2003) , and low levels of krill in some areas of the U.S. west coast in 2005 and 2006 were attributed as the cause of low levels of reproduction in Cassin's auklets (Sydeman et al. 2006) . Although the timing of these events suggests a potential link between blue whale distribution and broader changes in oceanographic conditions and various marine species, the full implications of the PDO on densities of prey of blue whales both off California and the northern feeding areas off British Columbia and Alaska are not clear.
The timing of the PDO coincides with some observed shifts in blue whale historical takes during whaling. Even though takes of blue whales in commercial whaling in the eastern North Pacific varied with changes in location and amount of effort (as well as with the depletion of whale populations), there were also indications that these coincided with some of these shifts in the PDO regime especially off British Columbia (Fig. 5) . The PDO cycle has been summarized as representing just two full shifts in the last century with "cool" regimes from 1890 to 1924 and from 1947 to 1976, and beginning again around 1998 and "warm" regimes from 1925 to 1946 and 1977 to the mid 1990s (Mantua and Hare 2002) . The best long-term record is from commercial whaling off British Columbia that took over 1,300 blue whales over an extended period from 1908 to 1965 (Nichol et al. 2002) . Largest numbers of blue whales were taken primarily during the "cool" water periods especially from 1908 to 1924 (total of 1,030 taken), it decreased for most of the "warm" regime period (total of 144 taken from 1925 to 1946), and then it increased again in the early 1950s through the end of whaling in 1965 (total of 204 taken from 1947 to 1965) (Nichol et al. 2002) . Catches of just over 800 blue whales off Akutan also peaked from 1917 to 1924 during the "cool" PDO regime years, although the 218 taken off Pt. Hobron in the western Gulf of Alaska were highest in the 1930s and did not match this pattern (Brueggeman et al. 1985) . Both these sites are west of the locations where we sighted blue whales and therefore may more likely reflect western North Pacific blue whales based on Stafford (2003) . Kills of just under 1,000 blue whales off the west coast of Baja California, Mexico, primarily occurred in the spring and summer from 1926 to 1935 (Rice 1966 ) coinciding with the "warm" PDO regime. The virtual absence of blue whales (only three) taken off California by whalers operating out of Trinidad and Moss Landing from 1919 to 1926 (during Figure 5 . Number of blue whales killed off Mexico, California, and British Columbia (from Rice 1963 Rice , 1966 Clapham et al. 1997; Nichol et al. 2002) in relation to PDO cycles (from Mantua and Hare 2002) .
the PDO cold regime) despite their frequent occurrence in those areas in the 1990s puzzled Clapham et al. (1997) . Similarly whaling operations out of San Francisco Bay in the 1950s and 1960s only took about 33 blue whales (Rice 1963) . Although a perfect fit would not be expected given the intermittent nature of some of these operations and the likely depletion of whale numbers, the overall pattern is generally consistent with: (1) primary takes of blue whales off British Columbia and some areas of Alaska during the "cool" PDO regime period and (2) lower whaling takes off British Columbia and some areas of Alaska but the time of large numbers of takes off Baja California during "warm" PDO regimes.
Similarly, sightings of blue whales in NOAA's Platforms of Opportunity database from 1959 to 2006 show patterns supportive of a shift in blue whale occurrence coinciding with the PDO cycle. Sightings off Mexico and California to Oregon (25 of 27 and 19 of 21) or 92% combined occurred during the "warm" PDO regime periods in contrast to the POP sightings for Washington, British Columbia, and the Gulf of Alaska (east of Kodiak Island), where all seven sightings occurred during "cold" PDO regime years. The proportion seen during warm or cold regimes for both Mexico and California-Oregon are significantly different than for Washington to the Gulf of Alaska (Fisher's exact test, P < 0.001 in both cases). Sightings in the central North Pacific including northern waters west of Kodiak did not show a clear association with the PDO (six during cold regime years and eight during warm regime years). Whaling may well have influenced blue whale distribution by depleting populations but perhaps also by altering the extent to which blue whales needed to migrate farther north to meet food requirements. Certainly, the blue whale population was greatly reduced by commercial whaling and perhaps, with these reduced numbers, they were able to meet their energetic requirements in the period immediately after whaling with less of a need to migrate farther north. A recovery in the blue whale population or limitation in prey availability now may have prompted a shift by blue whales in the eastern North Pacific back to heavier use of more northern feeding areas.
